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(57) Abstract 

A muscle stimulator for improving muscle strength and/or endurance. Stimulating pulses are applied to the muscle, the pattern of 
pulses including a first component in the form of a continuous train of pulses at a first pulse repetition frequency of for example between 
1 and 6Hz, a second component in the form of a series of pulse trains at a second pulse repetition frequency, for example 40 to 60Hz, and 
a third component in the form of a pair of pulses at a third pulse repetition frequency, for example 120 to 200Hz. 
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STIMULATIO N OF MUSCLES 



The present invention relates to an apparatus and method for the 
electrical stimulation of muscle which rely upon a particular pattern of electrical 
stimulation. 

It is well known that muscle contraction is caused by neural stimulation. 
Contraction occurs when an action potential is conducted down a nerve to a 
neuromuscular junction, the signal is then communicated to muscle cells and 
leads to the stimulation of the release of calcium ions into the cytoplasm of 
muscle cells which thereby modifies interactions between contractile proteins 
resulting in muscular contraction. 

It has been long established that the application of an electrical field to 
muscles results in an artificially induced contraction of said muscles. 
Furthermore, as well as directly causing muscular contraction, electrical 
stimulation at specific frequencies can also modify the phenotype of a muscle. 
For instance, prolonged stimulation of a fast-twitch muscle -with a uniform 
frequency of 10Hz results in the fast-twitch muscle developing slow-twitch 
characteristics, namely increased endurance, but with less power than would be 
normal for fast-twitch muscle. Conversely, prolonged stimulation of a slow- 
twitch muscle with an intermittent frequency of 30-50Hz results in the slow- 
twitch muscle developing fast-twitch characteristics, namely increased power, 
but with less endurance than would be normal for slow-twitch muscle. 
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It has been suggested that electrical stimulation of muscles may be a 
useful means of improving strength and/or endurance of incapacitated muscle 
(due to injury, under-use or some pathological condition). For a number of years 
muscles have been stimulated by Farad it stimulation delivering uniform 
frequencies (of around 30-50Hz) with the aim of beneficially affecting the muscle. 
However, these treatments have at best been ineffective and at the worst harmful 
to the muscle in the long term. 

UK Patent GB 2.156 682 examined the electrical discharge of nerves 
innervating muscle with an aim of developing a means of beneficially stimulating 
muscle. It discloses a method of recording electrical discharges from nerves 
innervating muscles. A signal generated on the basis of the recording is then 
used to "electrotrophically" stimulate muscle. Eiectrotrophic stimulation is 
defined as "the electrical stimulation of muscle fibre using a stimulating signal 
containing information effective to cause structural and/or functional change of 
muscle fibre without requiring the muscle fibre to respond mechanically to the 
stimulation". However the stimulating signal of GB 2 156 682 is complex and 
difficult to generate. 

It is an object of the present invention to provide an improved apparatus 
and method for electrically stimulating a muscle to improve strength and 
endurance of the muscle. 

According to the present invention there is provided an electrical muscle 
stimulator including means for generating a stimulating signal comprising a first 
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component in the form of a train of pulses at a first pulse repetition frequency, a 
second component in the form of a series of pulse trains at a second pulse 
repetition frequency higher than the first, and a third component in the form of a 
pair of pulses at a third pulse repetition frequency higher than the second pulse 
repetition frequency, each pair of pulses being coupled with a respective train of 
pulses of the second component. 

The invention also provides a method for electrically stimulating a muscle 
in which a stimulating signal is applied to the muscle, the stimulating signal 
including a first component in the form of a train of pulses at a first pulse 
repetition frequency, a second component in the form of a series of pulse trains 
at a second pulse repetition frequency higher than the first, and a third 
component in the form of a pair of pulses at a third pulse repetition frequency 
higher than the second pulse repetition frequency, each pair of pulses being 
coupled with a respective train of pulses of the second component. 

It is preferred that the first pulse repetition frequency is between 1 and 
15Hz, for example between 1 and 6 Hz or between 5 and 15Hz. It 4s also 
preferred that the second pulse repetition frequency is between 30 and 60Hz, for 
example between 40 and 60 Hz and the third pulse repetition frequency is 
between 120 and 30€Hz, for example between 120 and 200Hz. 

The inventor believes that stimulation of muscle with the electrical signal 
of the invention is of great benefit in the rehabilitation of, regeneration of or 
prevention of atrophy of skeletal muscle. Inspiration for the invention has arisen 
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from the examination of electrical discharge from nerves innervating muscle. It 
has been established that certain signals cause muscular contraction and also 
have unexpected beneficial effects on muscular strength and endurance. 

An embodiment of the invention will now be - described, by way of 
example, with reference to the accompanying drawing. 

The attached drawing illustrates one pulse pattern generated in an 
electrical muscle stimulator in accordance with the invention. It will be noted 
that pulses are generated at regular intervals of 0.1 second such that the pulse 
pattern incorporates a continuous 10Hz first component. At periodic intervals 
this continuous relatively low frequency component is combined with short 
bursts of a higher frequency second component, in the illustrated case a series of 
four pulses at 0.2 second intervals such that the pulse repetition rate of the 
second components corresponds to 50Hz. In addition, a third component in the 
form of a "doublet 1 * of pulses is coupled with the second component, in the 
illustrated case the spacing between the two pulses of the doublet is 0.0066 
seconds representing a pulse repetition rate of 150Hz. It will be noted that in the 
illustrated case the third component immediately precedes the second 
component, although its position relative to the second component may differ 
from that shown in this example. 

All of the pulses represented in the accompanying drawing arc of 
identical structure, each pulse including positive and negative-going components. 
Pulse shapes such as used in conventional muscle stimulation equipment may be 
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used, the advantages of the invention arising from the pattern of such pulses 
rather than of the shape of individual pulses. 

Good results have been achieved using the pattern of pulses represented 
in the drawing. It is believed however that a further improvement can be 
achieved by reducing the frequency of the low frequency component from 10Hz 
as shown to 6Hz or below. 

It is believed that a course of treatment relying upon the described pulse 
pattern could be for one to three hours per day every day over a six to eight week 
period. The pulses could be applied to any muscle throughout the body via 
simple self adhesive electrodes. The pulses could be applied for "on" times of 
from ten to fifty seconds, with periods of inactivity, i.e. "off" times, of 
approximately the same duration. Good results have been obtained with "on" 
times often seconds in combination with "off" times of fifty seconds. 
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CLAIMS 

1. An electrical muscle stimulator comprising means for generating a 
stimulating signal including a first component in the form of a train of 
pulses at a first pulse repetition frequency, a second component in the 
form of a series of pulse trains at a second pulse repetition frequency 
higher than the first, and a third component in the form of a pair of 
pulses at a third pulse repetition frequency higher than the second pulse 
repetition frequency, each pair of pulses being coupled with a respective 
train of pulses of the second component. 

2. An electrical muscle stimulator according to claim 1, wherein the first 
pulse repetition frequency is between I Hz and 15Hz. 

3. An electrical muscle stimulator according to claim 2, wherein the first 
pulse repetition frequency is between 1 and 6Hz. 

4. An electrical muscle stimulator according to claim 2, wherein the first 
pulse repetition frequency is between 5 and 15Hz. 

5. An electrical muscle stimulator according to any preceding claim, 
wherein the second pulse repetition frequency is between 30 and 60Hz. 
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6. An electrical muscle stimulator according to claim 5, wherein the second 
pulse repetition frequency is between 40 and 60Hz. 

7. An electrical muscle stimulator according to any preceding claim, 
wherein the third pulse repetition frequency is between 120 and 300Hz. 

8. An electrical muscle stimulator according to claim 7, wherein the third 
pulse repetition frequency is between 120 and 200 Hz 

9. A method for electrically stimulating a muscle in which a stimulating 
signal is applied to the muscle, the stimulating signal including a first 
component in the form of a train of pulses at a first pulse repetition 
frequency, a second component in the form of a series of pulse trains at a 
second pulse repetition frequency higher than the first, and a third 
component in the form of a pair of pulses at a third -pulse repetition 
higher than the second pulse repetition frequency, each pair of pulses 
being coupled with a respective train of pulses of the second component. 

10. An electrical muscle stimulator substantially as herein before described. 
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